Aim To assess the changes in health-related quality of life in patients discharged from the intensive care unit (ICU).
The cost of intensive care and limited resources directed to patients with a poor prognosis raise questions about the utilization of such resources. Since the need for intensive care in several countries exceeds its availability (1), intensive care specialists are forced to admit those patients who will benefit most. There is an increasing pressure that the assessment of long-term survival and quality of life of survivors should be incorporated into outcome evaluation of intensive care unit (ICU) (2) .
Instruments for assessing quality of life in critically ill patients surviving intensive care include EuroQol-5D (EQ-5D), Nottingham Health Profile (NHP), Sickness Impact Profile (SIP), Medical Outcomes Study 36-item Short Form (SF-36), and Quality Of LifeSpanish (QOL-SP) (3) . These instruments aim to evaluate the aspects of health important for all patients. Several cross-sectional studies have used generic, multidimensional quality of life instruments to compare health-related quality of life of intensive care patients with the that of the general population and found a considerable deterioration in the former group (3, 4) . However, such evidence may be misleading if pre-hospitalization health-related quality of life is not taken into account.
Quality of life is an important endpoint in assessing long-term results of intensive care, but the ideal timing for such an assessment is still unclear. This topic has been covered in some reports dealing with pre-ICU assessment of health-related quality of life (3) . QOL-SP questionnaire, developed by Fernandez et al (5) , is specifically designed for critically ill patients. This is one of the few instruments that have been validated in a critical care population, but it is neither widely used nor well known in the critical care community. A few studies have used QOL-SP to assess medical (6), surgical (7), or multiple trauma patients (8), and to measure the quality of life before ICU, as well as the changes in quality of life from baseline to 6 and 24 months.
Despite its limitations, we used this instrument to assess the changes in health-related quality of life in people who survived critical illness in a Greek medical-surgical ICU at 6, 12, and 18 months after ICU discharge, and to compare these data with their pre-admission status.
Patients and methods

Study population
This prospective observational study was conducted in a 7-bed university medical-surgical ICU located in a university-affiliated trauma hospital in Athens, Greece, from September 1, 2002 to September 30, 2004. All 263 consecutive patients admitted to the ICU in two years were eligible for the study. The inclusion criteria required the participants to be medical and/or surgical ICU patients aged ≥14 years who stayed in the ICU≥24 hours and to undergo a measurement of quality of life ≥30 days after ICU discharge (3) . Demographic data on all patients were collected prospectively and included age, gender, admission diagnosis, length of ICU stay, illness severity score (SAPS II) (9) , and mortality (at ICU, in hospital, at 6, 12, and 18 months). Severity of illness at admission was estimated according to the APACHE II score (10) . Primary outcomes included survival and health-related quality of life.
Of the 263 consecutive patients admitted to the ICU during the two years of study period, 242 patients were enrolled in the study (70.2% men and 29.8% women); 21 patients (8%) were excluded from the study because they were <14 years old (n = 4) and remained in the ICU for ≤24 hours (n = 17). Patients' characteristics are shown in Table 1 and the most common diagnostic groups in Table 2 .
Quality of Life-Spanish questionnaire
Health-related quality of life measurement was estimated by means of the QOL-SP, second edition (5) . This instrument can be completed easily and quickly by a large number of patients or their close family members, via direct or telephone interview. It fulfills the criteria recommended for critical care use and essential requirements of validity and reproducibility when applied to critically ill patients (5-8). The validity and reliability of the QOL-SP has been confirmed for critically ill patients (5, 11) . The questionnaire has 15 items relevant to ICU patients, grouped into the following three subscales: basic physiological activities (BPA, 4 items), normal daily activities (NDA, 8 items), and emotional state (ES, 3 items). The questionnaire scores range between 0-29 points. The BPA subscale ranges from 0-9 points, NDA from 0-15 points, and ES from 0-5 points. A score of 0 points signifies normality, with a higher score corresponding to a lower quality of life. The questionnaire completed on ICU admission retrospectively assessed the patient's perceived health-related quality of life two months prior to the ICU admission. The follow-up questionnaire reflected the patient's current life situation. We also grouped the quality of life scores into four levels (6): level I = normal (0-1 points), level II = mild (2-5 points), level III = moderate (6-9 points), level IV = severe (10 points).
Within the first 24 hours after the ICU admission, all eligible consenting patients were asked to complete the health-related quality of life questionnaire via direct interview by a trained investigator. When the patient was unable to respond, the questionnaire was completed by a close family member living in the same household with the patient. A telephone interview was made with the participants 6, 12, and 18 months after ICU discharge to examine their outcome and quality of life. Nonresponders received one phone reminder. Two trained investigators conducted the survey. The same investigator always conducted the baseline and follow-up interviews. The ethics committee of the hospital approved the protocol, and informed consent was obtained from the patients or their relatives.
Statistical analysis
All variables were tested for normality with Kolmogorov-Smirnov test. Descriptive statistics were determined for all primary variables, ie, age, gender, admission diagnosis, APACHE II and SAPS II scores, ICU length of stay, and mortality at ICU discharge and at 6, 12, and 18 months after discharge. The data are expressed as mean ± standard deviation (SD). We used t test to compare the means of continuous normally distributed data and Mann-Whitney test for non-nor- mally distributed data. Quality of life measurements were compared between the baseline and follow-up (Friedman test, Wilcoxon signed-rank test). A multilinear regression analysis was performed to identify the factors associated with quality of life on ICU admission and after ICU discharge. Data were analyzed using Statistical Package for the Social Sciences, version 13.0 (SPSS Inc., Chicago, IL, USA). All statistical tests were two-sided and P value <0.05 was considered to indicate statistical significance.
Results
Survival
Survival was calculated for the original cohort of 242 patients. The survival rate at discharge from the ICU was 66.9% (162/242) and 61.6 at hospital discharge (12 and 18 months). Overall, 108 (44.6%) patients died during the follow-up; 80 (33%) in the ICU, 13 (5.37%) in the hospital, and 15 (6.19%) at 18 months after discharge. Consequently, cumulative mortality rate of the original cohort of 242 patients was 41.7% at 6 months and 44.6% at 18 months. Because some patients died from those lost to follow up, survival cannot be calculated for the rest of the time after hospital discharge.
Health related quality of life
Baseline health-related quality of life questionnaire was distributed to 242 patients on ICU admission. Almost 90% of the baseline questionnaires were completed in a direct interview with the patient's family member. During the follow-up, the number of patients responding to the questionnaire at 6 to 18 months after ICU discharge varied considerably: 123 (50.8%) questionnaires were completed at 6 months and 116 (47.9%) at 12 and 18 months. All the questionnaires during the follow-up were completed in a phone interview, approximately half with patients and half with their family members. During the follow-up, 108 patients died and 18 (7.4%) were lost to followup (4 of them moved abroad and 14 could not be contacted). Nevertheless, for statistical clarity, the following analysis was limited to those 116 patients (study population) who completed all survey components (Figure 1 ).
Mean stay in the ICU was 13 days. The total mean score of pre-ICU quality of life of 116 patients was 2.9 ± 4.8 points out of the maximum 25. Mean quality of life deteriorated, ie the score increased from 2.9 points on ICU admission to 7.0 points at 6 months after ICU discharge, and then decreased to 5.6 points at 18 months (Table 3 ). The scores on the QOL-SP subscales also increased at 6 months, compared with the values at admission, and then decreased at 18 months after discharge. However, at all time points the scores were higher than at admission. Friedman test showed that mean absolute values of quality of life for all patients were different at 0, 6, 12, and 18 months (P<0.001).
Two-tailed comparisons between individual time points showed that mean absolute values differed at all times points (P<0.001), except BPA (P = 0.102) and ES (P = 0.063) scores at 12 and 18 months. The scores on the NDA subscale showed a significant decrease from 6 to 18 months (P<0.001). When we grouped the patients according to their quality of life score in four levels as follows: level 1 = normal (0-1 points), level 2 = mild (2-5 points), level 3 = moderate (6-9 points), Level 4≥severe (10 points) (6) we found that there was more deterioration at 18 months if premorbid quality of life score was worse and vice versa. There were 63.8% patients with normal quality of life score (0-1 points) on ICU admission, 23.2% after 6 months, and 31.9% after 12 and 18 months (Figure 2) .
The pre-ICU quality of life score in 18 patients lost to follow-up was 5.26 ± 5.29 points, which is higher than that of the study population, but the difference was not significant (P = 0.053). Study population and patients lost to follow-up had different results on NDA subscale (3.6 ± 3.5) (P = 0.040), but not on BPA (0.46 ± 1.06) and ES (1.2 ± 1.69) (P = 0.330 and P = 0.440, respectively) ( Table 4) .
Out of 116 patients, 112 (96%) returned to their previous place of residence and 4 (4%) were transferred to long-term care institutions. During the follow-up, 15 patients presented a new disease, 6 developed psychosis, 3 dementia, 2 epilepsy, 7 cardio respiratory failure, and 3 remained in a vegetative state. (5). †Wilcoxon signed-rank test comparisons were made between admission and 6, 12, and 18 mo after ICU discharge. ‡Comparisons were made between admission and 6 and 12 mo after ICU. There was no significant difference of quality of life scores between 12 and 18 mo for BPA (P = 0.102) and ES (P = 0.063). 
Multivariate analysis
Multilinear regression analysis was performed in the study population to identify factors influencing the quality of life. Dependent variables were quality of life score on admission and changes in the quality of life score from baseline to 18 months after discharge. The variables with the strongest positive association with quality of life on admission were male sex (B = 3.270, P = 0.001) and age (B = 0.63, P = 0.002); and male sex (B = 3.934, P = 0.002), age (B = 0.129, P<0.001), and length of stay (B = 0.138, P<0.001) at 18 months after ICU discharge.
Discussion
This study examined the long-term outcome of critically ill patients who were discharged from the ICU. Although quality of life deteriorated after ICU discharge, a slow improvement was achieved. The overall quality of life and the quality of certain life domains showed a significant deterioration at 6 months after ICU admission and an important improvement from 12 to 18 months in all patients; however, this improvement was not uniform. The analysis suggested that age, length of ICU stay, and male sex were important risk factors influencing poor quality of life at 18 months after discharge from the ICU. Many studies assessed the quality of life at 6 (6,12,13), 9 (14) , and 12 months (15, 16) , and some had even longer follow-ups, such as 18 (17) and 24 months (18) or more than 2 years (19, 20) . When comparing the quality of life before and after ICU discharge, our results were quite similar to other studies assessing the quality of life at 12 and 18 months after ICU discharge (4, 8, 16, (21) (22) (23) . These studies showed that quality of life of patients after ICU discharge was significantly poorer than the preadmission status (4, 8, 16) or that of the general population (21) (22) (23) . The deterioration in patients' quality of life after ICU discharge found in most of the studies occurred due to the physical impact of critical illness. After a period of critical illness, patients often find themselves unable to accomplish even the simplest physical tasks without exhaustion. A variety of aspects of physical status may contribute to an impaired physical functioning and this may have an important impact on the quality of life (24).
Most of our patients showed an improvement in their quality of life 18 months after ICU discharge, principally by improving their normal daily activities. It seems that our study population needed more time to overcome the influence of the stress related to ICU and improve their emotional state. Several studies have assessed the natural progression of patients' quality of life and reported that quality of life in survivors improved over time after ICU discharge (3, 19, 25) . However, this improvement was not uniform across domains, and the time in which the quality of life could stabilize and return to that of the general population remains unclear. Cuthbertson et al (25) found a decrease in physical component scores 3 months after ICU discharge and then a slow increase to pre-morbid levels by the end of the first year. In a recent review (3) , it was demonstrated that the quality of life in ICU survivors improved over time in most domains, but remained lower than in general population throughout the long-term followup. Studies showed that physical functioning rapidly improved, whereas mental health usually showed none or slow improvement. Kaarlola et al (19) found that a marked improvement was detected in psychological domains between 1 and 6 years after discharge from the ICU. In contrast to our findings, Wehler et al (6) reported that the quality of life of medical patients stabilized at 6 months after ICU discharge or regained its preadmission level.
Age, duration of stay, and male sex were the factors which had the strongest impact on the quality of life in our patients. Deterioration in quality of life increased with increased length of ICU stay and patients' age. The study showed that male sex had a positive association with quality of life. Our findings are consistent with those reported by others (3, 26) . Age, gender, severity of illness, and length of ICU stay or preadmission quality of life score were the factors that had the strongest association with the quality of life of patients after the ICU discharge.
The limitations of our study include the lack comparison with a matched population and the fact that different studies used different quality of life instruments. Also, the Greek translation of this instrument has not been validated. However, our study may present an important advantage concerning the assessment of quality of life in the examined cohort. This assessment was repeated during the 18-month study period, which made us easier to understand the natural progression of our patients' quality of life.
In conclusion, when evaluating the longterm outcome of ICU patients, the optimal timing of the assessment is essential because the emotional domain seem to improve slowly. This study showed that quality of life in our patients was substantially reduced after ICU discharge as opposed to preadmission. Eighteen months after ICU admission, quality of life status of most survivors showed an improvement but was still worse than on admission. This follow-up time is too short for a reliable assessment of the recovery in critically ill patients, since patients often need a longer time to get accustomed to new, and often more restricted, circumstances.
